Mandibular Morphology of the Mid-Miocene Seal Devinophoca claytoni (Carnivora, Phocidae, Devinophocinae). Rahmat, S. J., Koretsky, I. A. -During several excavations in Slovakia at the base of the Malé Karpaty Mountains (near the junction of the Morava and Danube Rivers), two skulls and numerous mandibular, dental and postcranial bones of early mid-Miocene (16.3-12.8 Ma) seals were collected. Isolated mandibles and many individual teeth were found at this locality, with some teeth in situ corresponding morphologically with the mandible and skull of Devinophoca claytoni, and others perfectly associating to the mandible and skull of the recently described Devinophoca emryi. Based on this material, two species of the previously unknown phocid subfamily Devinophocinae Koretsky et Holec, 2002 have been described. However, the mandibular morphology of the type species Devinophoca claytoni has remained unknown. Here, we present a fi rst description of the mandible of this species. Morphological assessments reveal that the D. claytoni mandible has posterior alveoli larger than anterior; fl at mandibular body low in height; alveoli of p4 larger than m1; and a unique devinophocine combination of incisors (I3/1) that diff ers from those in the extant subfamilies Cystophorinae (I2/1), Monachinae (I2/2) and Phocinae (I3/2).
or, in fact, as being otariids (Mitchell, 1968) . Barnes and Hirota (1994:355) showed that the seven characters that Berta and Wyss (1994: 41-42) interpreted as uniting Allodesminae (and other Otarioidea) with Phocidae were unreliable. Th e detailed morphology and discussion of the "pinniped" fl ipper structure was presented by Bininda-Emonds and Russell (1996) , who reached a conclusion opposite to Wyss (1994) , demonstrating additional support to a likely diphyletic origin. Several of the features discussed in the Koretsky et al. (2016) publication directly supported the Bininda-Emonds and Russell (1996) study.
Some distinctive morphological characters of the skull and mandible can be used to place seals into their respective subfamilies (table 1) . Molecular studies use only living taxa and disregard character states for fossil members of living and extinct clades, a noteworthy defi ciency that cannot be ignored. Incorporating fossil and extant morphological characters is critical to generate ancestral reconstructions and correctly determine the distribution of characters in the entire evolutionary history of a clade ). Molecular studies demonstrate that odobenids is more closely allied with otariids than with phocids (agreeing with the majority of morphological and molecular evidence) and that there is a basal split between Phocidae and an OdobenidaeOtariidae clade (Flynn et al., 2005; Ärnarson et al., 2006; Fulton and Strobeck, 2006) . Diff erent molecular studies on the phylogenetic relationships within Phocidae show numerous variations (Nyakatura and BinindaEmonds, 2012) , with molecular data sets creating an unresolved relationship between Ursidae, Pinnipedia and Musteloidea (Ärnason et al., 2006) . Th e Ärnason et al. (2006) study determined that early otarioid and otariid divergences occurred in the North Pacifi c, while phocids began in the coastal areas of the North Atlantic and then dispersed to colder environments. Th e fossil record does not support a North American origin of phocids, as paleontological evidence shows a North Atlantic origin of phocids in the Paratethyan/Mediterranean regions and an east to west distribution (Koretsky and Holec, 2002; Koretsky and Barnes, 2006; Koretsky et al., 2012; Koretsky and Rahmat, 2013, 2015; Koretsky and Domning, 2014; Koretsky et al., 2015) . Although molecular studies are currently accepted as the best type of analysis for classifi cation of seals, it is clear that controversy still exists and there are signifi cant diff erences in resulting phylogenetic relationships.
Ideally, molecular and morphological analyses should be performed together such as in Scheel et al. (2014) , whose results erected a new genus (Neomonachus) by combining the Caribbean and Hawaiian monk seals together. Th e phylogenetic analyses by Koretsky (2001) , Koretsky and Holec (2002) and Koretsky and Rahmat (2013) support the division of the family Phocidae into one extinct subfamily (Devinophocinae; Koretsky and Holec, 2002; Koretsky et al., 2016) and three extant subfamilies (Cystophorinae, Monachinae and Phocinae; Koretsky and Rahmat, 2013) . It is important to note that even some morphological studies choose to ignore important incomplete fossil postcranial bones and cranial material that is aged older than the scope of their study.
During excavations at the Bonanza site, located near the junction of the Morava and Danube Rivers (Koretsky and Rahmat, 2015; fi g. 1) at the base of the Malé Karpaty Mountains in Slovakia, a single skull and numerous mandibular, dental and postcranial bones were collected, in close proximity to each other (approximately 2 m apart). Previous studies have described numerous vertebrate fossil material from this site (Holec et al., 1987; Holec and Sabol, 1996; Holec et al., 1997; Schultz, 2004; Fejfar and Sabol, 2009 ).
In our description of a new species (Devinophoca emryi) of the extinct phocid subfamily Devinophocinae (Koretsky and Rahmat, 2015) from the early Badenian, early middle 8 Ma), we demonstrated that the Devinophoca material (skull, mandibles and teeth) presents mixed characters with the three extant phocid subfamilies (Cystophorinae, Monachinae and Phocinae) as well as specifi c, distinctive characters. Fig. 1 . Devinophoca claytoni A -incomplete skull with right M1and left P2-M1 (Z14532, holotype) and Bleft mandible without ramus (SNMZ 25510; referred material) from the Museum of Natural History, Slovak National Museum, Bratislava, Slovak Republic). Koretsky and Rahmat (2015) detailed morphological associations of discovered mandibles with the skulls of D. emryi and D. claytoni, all found in close proximity to each other in the same locality. Koretsky's (2001) ecomorphotype analysis, associating the mandible with the humerus and femur based on the morphology of individual, isolated bones and the ecology of living species, demonstrate associations between mandibular and postcranial material. Th is methodology confi rmed that postcranial bones found at the Bonanza site do belong to D. emryi . Numerous other authors (Muizon, 1981 b; Koretsky and Grigorescu, 2002; Goldin and Pilipenko, 2012; and Amson and Muizon, 2014) use associated parts of the skeleton (some complete and others incomplete) to help correlate isolated bones. Th e ecomorphotype analysis in seals is not unique and is further supported by the division of phylogentially unrelated taxa using ecological and morphological characters. Th is type of morphological and ecological association has also been demonstrated in other groups of vertebrates, such as rabbits (Ge et al., 2013) , fi nches (Bowman, 1961) and lizards (Losos, 2011) .
Th e skull and partial mandible of D. claytoni are well preserved and the size, dimensions and orientation of this mandible directly associate with the previously described skull of D. claytoni (fi g. 1; Koretsky and Holec, 2002) . Morphology of D. emryi maxillary and mandibular dentition described previously (Koretsky and Rahmat, 2015) shows direct association with the D. emryi skull and mandibles. Likewise, mandibular dentition of D. claytoni associates with the D. claytoni skull only.
In this study, we describe the fi rst mandible known of Devinophoca claytoni from Bonanza and compare it with that of D. emryi and with representative mandibles of other phocid subfamilies to increase the knowledge of the devinophocine morphology. Material was collected by team-members from the U.S., Slovakia and Ukraine at the same site and age as material for its sister taxon, D. emryi. As demonstrated in Koretsky and Rahmat (2015) , several isolated mandibles and many individual teeth were found at the Bonanza locality, with some teeth in situ corresponding morphologically with the mandible and skull of D. claytoni, while others associate perfectly in situ to the mandible and skull of D. emryi.
Overall, D. claytoni shares mixed characters with the three extant phocid subfamilies as well as presents distinguishing traits not previously described, similar to D. emryi (Koretsky and Rahmat, 2015; Rahmat and Koretsky, 2016) . Members of the subfamily Devinophocinae demonstrate the most primitive characters known to date, making this subfamily the possible ancestral morphotype for all seals.
Abbreviations: SNMZ, Department of Paleontology, Slovakian National Museum, Bratislava, Slovak Republic; USNM, National Museum of Natural History, Smithsonian Institution, Washington, D.C., USA. Included species: D. emryi and D. claytoni Emended diagnosis: Mandibular body low in height (as in Monachinae and Phocinae); symphyseal part of mandible thick and straight (similar to Monachinae); diastemata between teeth absent (as opposed to Cystophorinae, Monachinae and Phocinae); unique incisor combination I3/1 (as opposed to Cystophorinae, Monachinae and Phocinae); p4 alveolar width and length greater than those of m1 (similar to some Monachinae and Phocinae). Koretsky & Holec, 2002 
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Devinophoca claytoni
Description and comparison to Devinophoca emryi
While the complete description of the Devinophoca claytoni skull has been detailed by Koretsky and Holec (2002) , this is the fi rst description of a mandible assigned to this species. Th e canine is present, but the remaining teeth have fallen out. Th e mandible lacks the upper portions of the mandibular ramus including the condyloid and coronoid processes (fi g. 1; table 1).
Th e Devinophoca claytoni mandible (fi g. 2, A-C) has only one incisor, one canine, four premolars and one molar, similar to the dental formula of D. emryi (Koretsky and Rahmat, 2015) and other Phocidae. D. claytoni and D. emryi (fi g. 2, D-F) share a unique combination of incisors (I3/1) that diff er from all known fossil and Recent Cystophorinae (I2/1), Monachinae (I2/2) and Phocinae (I3/2). Th e D. claytoni p1 alveolus is singlerooted and is compressed craniocaudally. Th e p2 alveoli are round and not equal in size. Th e posterior alveoli of p2-p4 are much smaller than their anterior alveoli. Th e p2-p4 alveoli are double-rooted and m1 is single-rooted, while in D. emryi p2-m1 are all doublerooted. Th e anterior alveolus of p3 is signifi cantly larger than the posterior alveolus. Th e p3 posterior alveolus is round and the anterior alveolus is compressed craniocaudally. Th e anterior alveolus of p4 is larger than the posterior alveolus and both alveoli are compressed craniocaudally. Th e alveolar width and length of p4 is greater than m1, similar to D. emryi. Th e alveolus of m1 is compressed craniocaudally and is single rooted, a rare character (fi g. 2, C). D. emryi has a fused double-rooted m1 that may appear single-rooted in the occlusal view of fi g. 2, F. However, morphological examination of these mandibles clearly shows a single, rounded m1 alveolus for D. claytoni and an alveolus in D. emryi that is oval shaped with a slight division within, demonstrating a fused, double-rooted m1. According to the study by Boessenecker and Churchill (2016) and our observations from the Smithsonian comparative collection, Mirounga leonina m1 roots are variable, with some single rooted and others double-rooted.
Th e body of the D. claytoni mandible is low in height, similar to Devinophoca emryi, fl at from the middle of the alveolus of p3 to the mandibular ramus, and swollen from the incisor to the middle of the alveolus of p3. On its labial side, the body of the mandible is thickened in the middle from the level of the anterior alveolus of p2 and the lingual side of this mandible is more swollen than the labial side. While the p1 and p3-m1 are oriented parallel to the axis of the mandibular body (similarly to all postcanine teeth in D. emryi), the p2 is oriented obliquely. As opposed to D. emryi, the mental process is present, albeit not prominent, between p1 and p2. Th e maximal height of the mandible is at p2. Th e body of the mandible is straight, as opposed to the slightly curved mandibular body in D. emryi. Th e symphyseal part is thick and straight, similar to that in D. emryi. Th e symphysis reac hes the anterior alveolus of p2, in contrast to D. emryi where it reaches the middle of the alveolus of p2. Th e posterior alveoli of the premolars are round shaped, as opposed to the oval shape in D. emryi.
Th e lower canine projects obliquely and its crown is fl attened with age due to wear. Th e apex of c1 bears an oval wear facet that is directed anterolaterally. Diastemata between the teeth are absent, similar to D. emryi. Th ree mental foramina are present on the mandibular body, with the fi rst located between the alveoli of p1 and p2, the second located between the alveoli of p2 and p3 and the third located between the alveoli of p3 and p4 (fi g. 2, A-C). Th e second and third mental foramina are located at the same level in a shallow groove in the middle of the mandibular body, while the fi rst mental foramen is located slightly inferiorly in its own depression. Th e retromandibular space is shorter and more concave than in D. emryi. Th e portion of the existing mandibular ramus of D. claytoni is much thicker than the corresponding portion of D. emryi, suggesting that the rest of the missing ramus would also be thicker.
Comparisons with some representatives of the subfamily Cystophorinae
Th e fi rst fossil record of the subfamily Cystophorinae included the description of postcanial bones only (Koretsky and Rahmat, 2013) . Phylogenetic and morphological analyses of these pachyosteosclerotic bones helped erect a new genus (Pachyphoca) with two new species of extinct cystophorine seals from the middle Miocene (Middle Sarmatian, ~11.2-12.3 Ma) of the Northern Paratethys. No fossil cranial material or mandibles have ever been found for the subfamily Cystophorinae, necessitating the examination of a Recent cystophorine seal for this comparison to D. claytoni.
Cystophorine seals have obvious sexual dimorphism in cranial and postcranial elements, especially in the genus Mirounga. Elephant seals (Mirounga) and hooded seals (Cystophora) are extant sister taxa of the subfamily Cystophorinae (however, for an alternative view see Boessenecker and Churchill, 2016) . Generally, Cystophora cristata (hooded seal) mandibles have a thin, square symphysis and premolar teeth aligned parallel to the mandibular axis. Th e Cys. cristata mandible diff ers from D. claytoni in the following characters: symphysis reaches only p1; mental process is located between p2 and p3; diastemata are present; alveoli of p2-m1 double rooted; alveoli of p4 are smaller than alveoli of m1 (fi g. 3, D). Th e retromandibular space in males is more elongated than in females. Th e coronoid process in males is positioned lower than in females and ends at almost the same level as the condyloid process (as opposed to the other subfamilies). Females have a more developed angular process and a deeper, better outlined masseteric fossa than males. Abbreviations: ap -angular process; con. p -condyloid process; cor. p -coronoid process; mass. fossa -masseteric fossa; men. f -mental foramina; ms -mandibular symphysis.
Comparisons with some fossil representatives of the subfamily Monachinae
Similar to D. claytoni, the mandible of Afrophoca libyca (lower Miocene, ~19 Ma) has a mental prominence, the alveolar width of p4 is greater than that of m1, the alveolus of m1 is compressed craniocaudally and diastemata between teeth are absent. Th e craniocaudal compression of all posterior roots of the lower postcanine teeth is present in D. claytoni and the oldest known seal mandible (Koretsky and Domning, 2014 : fi g. 1), Afrophoca libyca. Th e Af. libyca mandible diff ers from D. claytoni in the following characters: a thick and deep mandibular body; the symphysis reaches the middle of the p2 alveoli; the entire postcanine tooth row is oriented parallel to the axis of the mandible, similar to D. emryi.
Th e mandible of Pontophoca sarmatica (middle Miocene, Middle Sarmatian, ~13.6-11.2 Ma; Koretsky and Grigorescu, 2002 : fi g. 1) has double rooted p3 and p4, similar to Muizon and Bond, 1982 : fi g. 3) has a fl attened mandibular body low in height, pronounced symphyseal part and lacks diastemata, similar to D. claytoni. Th e Pr. aregntinus mandible diff ers from D. claytoni in the following characters: oval-shaped alveoli; prominent mental process between p2 and p3; posterior edge of symphysis is between p2 and p3; postcanine teeth aligned parallel to mandibular axis; p4 larger than m1; double-rooted m1, with anterior root larger than posterior.
Th e Acrophoca longirostris (late Miocene; ~7.2-5.3 Ma; Muizon, 1981 a: pl. 7, fi gs 4, 5) mandible has double rooted p3 and p4, similar to D. claytoni. Th e mandibular body is low and fl at. Th e Ac. longirostris mandible diff ers from D. claytoni in the following characters: double rooted m1; lack of mental process; elongated mandible; diastemata present.
Th e mandible of Hadrokirus martini (late Miocene; ~7.2-5.3 Ma; Amson and Muizon, 2014: fi g. 8) has a short mandibular body. Similar to D. claytoni, the mandibular symphysis reaches the p2 alveolus, and p3 and p4 are both double rooted. Th e Hadrokirus martini mandible diff ers from D. claytoni in the following characters: extremely robust mandibular body; m1 is double rooted, in contrast to D. claytoni where m1 is single rooted.
Th e mandible of Piscophoca pacifi ca (late Miocene; ~7.2-5.3 Ma; Muizon 1981a: pl. 2, fi g. 1; Walsh and Naish, 2002 ) is incomplete, missing the coronoid process, but is relatively robust, has a mandibular symphysis reaching p2, and the alveoli of p4 are larger than those of m1, similar to D. claytoni. Th e Pis. pacifi ca mandible diff ers from D. claytoni in the following characters: larger size; diastemata present; double rooted m1.
Th e Homiphoca capensis mandible (late Miocene-early Pliocene, ~7.0-3.2 Ma; Muizon and Bond, 1982; Koretsky and Ray, 2008 : fi g. 49) has wide and round alveoli, a prominent symphyseal part and no diastemata, similar to D. claytoni. Th e H. capensis mandible diff ers from D. claytoni in the following characters: tall mandibular body; prominent mental process located under the middle of p2; postcanine teeth aligned parallel to the mandibular axis; m1 larger than p4; double-rooted m1.
Th e Callophoca obscura mandible (early Pliocene, ~5.0-3.2 Ma; Koretsky and Ray, 2008: fi gs 28-29) has a thick symphysis with a weakly pronounced mental process, similar to D. claytoni. Th e Cal. obscura mandible diff ers from D. claytoni in the following characters: diastemata are present; the mental process is located between p2 and p3; the symphysis reaches the middle of p3; rounded symphysis; postcanine teeth are aligned oblique to the mandibular axis.
Th e mandible of Pliophoca etrusca (early Pliocene, ~5.0-3.2 Ma; Koretsky and Ray, 2008 : fi gs 42-43) has a short mandibular body and a considerably high mandibular ramus. Similar to D. claytoni, diastemata are absent; the alveolus of m1 is smaller than that of p4; and m1 is double rooted. Th e Pl. etrusca mandible diff ers from D. claytoni in the following characters: mental process located between p2 and p3; postcanine teeth aligned oblique to the mandibular axis; anterior alveoli are oblique to the lingual side; symphysis reaches the anterior alveolus of p3 (fi g. 3, B).
Comparisons with some fossil representatives of the subfamily Phocinae
Recently, Dewaele et al. (2017) declared that Leptophoca lenis (middle Miocene, ~16 Ma; Koretsky, 2001: fi g. 42 ) is a junior synonym of L. proxima. We feel that more work needs to be done to support or dismiss this nomenclature change. Th erefore, we will continue to use L. lenis in this paper. Th e discussion of transferring L. lenis into a new name is not in the scope of this study. We are examining the morphological characters of the Leptophoca mandible in comparison to the newly described D. claytoni mandibular Koretsky and Ray, 1994 : fi g. 1) is low, and its labial side is thickened in the middle from the level of the anterior alveolus of p2, similar to D. claytoni. Th e Cr. maeotica mandible diff ers from D. claytoni in the following characters: the postcanine tooth row is oriented parallel to the axis of the mandible, similar to D. emryi; the mental process is located between p3 and p4; the maximal height of the mandible is between the alveoli of p2 and p4.
In the Praepusa vindobonensis (middle Miocene, ~12.3-11.0 Ma, Antoniuk and Koretsky, 1984; Koretsky, 2001 : fi g. 23) mandible, the premolars are oriented obliquely to the axis of the tooth row, similar to p2 in D. claytoni, but opposite from other postcanine teeth which are oriented parallel to the mandibular axis. Th e Pr. vindobonensis m1 is double rooted, as opposed to the single rooted m1 in D. claytoni. Th e Pr. vindobonensis mandible also diff ers from D. claytoni in the following characters: the mental process is located between p3 and p4; diastemata are present, with the diastema between p4 and m1 being larger than that between p3 and p4.
Discussion and conclusions
Representatives from the three extant (Cystophorinae, Monachinae and Phocinae) and one extinct (Devinophocinae) phocid subfamilies were used to demonstrate comparative diagnostic mandibular characters of seals (table 2) . Th e Devinophoca claytoni mandible has a mixture of characters from all four subfamilies (p2 double rooted; posterior alveoli larger than anterior; low mandibular body; alveoli of p4 larger than m1) as well as some unique characters (the tooth row from p3-m1 as well as p1 is oriented parallel to the axis of the body of the mandible and the canine and p2 are oriented obliquely; single rooted lower m1; three rooted upper M1). Th ese results support our previous fi ndings on the skull, mandible and teeth (Koretsky and Rahmat, 2015) as well as postcranial bones of D. emryi, the sister taxon of D. claytoni.
Th e D. claytoni mandible has a similar dental formula as other Phocidae. Each seal subfamily has its own unique incisor formula with Phocinae having 10 incisors (I3/2; 6 upper and 4 lower), Monachinae (I2/2; 4 upper and 4 lower) and Devininophocinae (I3/1; 6 upper and 2 lower) having 8 incisors (with a diff erent combination) and Cystophorinae having 6 incisors (I2/1; 4 upper and 2 lower). Th us, the two species of the subfamily Devinophocinae have three upper incisors (as in Phocinae, primitive condition) and one lower incisor (as in Cystophorinae, derived condition). Th e number of incisors is has long been used for classifi cation of modern seals (Chapskii, 1955; 1974) . Th e incisors formula, in addition to cranial morphology (which is severely limited due to the fragility of fossil seal skull remains), can be used to classify fossil seals also.
Th e skull of D. claytoni also has a three-rooted upper M1, suggesting that a lack of space in the oral cavity may be why the mandible only has a single-rooted lower m1, a rare phocid feature also observed in a few Mirounga (Boessenecker and Churchill, 2016) . Th e skull of D. claytoni (Koretsky and Holec, 2002) and this new mandible demonstrate that no other phocid has a maxillary M1 with three cusps and three roots in a triangular arrangement.
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